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l. 
INTRODUCTION. 
At the present time no biologic test for tne diagnosis 
of hog cnolera exists by means of which tne presence of 
the disease in a herd can be determined in tne early stages 
of an outbreak, and before the disease has gained consider-
aole headway. In the beginning of an outbreak, in individual 
herds, or in a neighbornood, time is frequently lost in 
awaiting developments that will furnish positive evidence 
of tne presence of nag cholera. The importance tnerefore 
of a quick and reliable metnod to diagnose nog cnolera is 
readily seen. At present the clinical symptoms, gross 
lesions, and tne epizootic character of the disease are 
tpe only means by wnich we can arrive at a diagnosis. And 
these evidences are sometimes absent. This paper is de-
voted to tne investigation of tne possible application of 
the Complement Fixation Test to the diagnosis of hog 
cholera. 
Another application of tne Complement Fixation Test 
included in this investigation is its use as a metnod of 
testing tne potency of anti-nog-cholera serum. The need 
of a delicate laboratory test is apparent to all workers 
in nog cnolera serum production who are fami~iar with tne 
present crude and expensive methods. 
The Complement Fixation Test, for the diagnosis 
2. 
of disease, was first successfully applied by Wassermann1 
in tne diagnosis of sypnilis in man. Tne principle comes 
2 from tne experiment of Bordet , whicn is usually spoken 
,, 
of" as tne "Bordet-~engou pnenomenOhand is used in de-
termining wnetner a given serum possesses certain am-
3 boceptors. 
oinoe 1906 tne time of Wassermann's puolication 
on tnis test, its use as a diagnostio agent has been ex-
tended to tne following diseases of man:- iJonococcus 
infeotion, Glanders, Streptococcus iniection, Pertusis, 
Meningitis, and Typnoid. Besides tnis it is also used 
to diagnose several diseases of domestic animals sucn as 
Contagious Abortion in cattle, Dourine and Glanders in 
norses. 
In view of the fact tnat tne success or failure 
of· tne Complement Fixation Teet, as applied to nog cnolera, 
depends almost entirely on tne preparation of tne different 
oomponents used in Complement Fixation, considerable space 
will be given to a discussion of tne pnenomena of tne test, 
and tne work done by tne various investigators, followed 
by tne actual tecnnic of tne test as applied in tnis 
particUlar disease. The resume of this subject below was 
taken from Bolduan's Immune Sera. 
Notes:-- 1. Wassermann, Neisser and Bruck, Deutsche me'9.. 
Wochenecher, 1906. Wassermann and Plaut. Ibid. (Bolduan, 
ImmuneJera, 1908). 
2( • Bo ··· et and Gengou, Annal. Inst. Pasteur Vol. - 15, 1901 
Bolduan Immune Sera). 
_,_~ Immu.ne· bodies or receptors of Ehrlich. 
3. 
HISTORICAL. 
BACTERIOLYSIN AND HEMOLYSIN. 
As far back as 1874 Gscheidlen & Traube1 demonstrated 
tnat considerable quantities of septic material could be 
injected into t11e circulation of warm-blooded animals with-
out apparently any effect on tne animal. Ten years later 
(1886) we find a similar observation made by Fodo~. In 
3 
1888 Nuttall snowed tnat normal blood seru~ possessed 
marked germicidal properties. A number of workers tnen 
undertook to determine the conditions most favorable to 
the exhibition of this phenomenon, and further to decide 
upon tne constituent of the serum to w.nicn tnis property 
was due or whetner it was a function of tne serum as a 
wnole. 
4 In 1819 Buchner published a series of experiments 
and snowed tnat an exposure to a temperature 55°c. robs 
tne serum of its bactericidal property. He also concluded 
tnat the active element in tne process was a "living 
albumin" and suggested for its name "alexin" (complement). 
Notes:-- 1. Gscheidlen & Traube Schlez. Gesellscnaf t. f. 
Vaterland. Cultur. Med. Sect., 18Y4. 
2. Fodor, Deutsche Med. Wochenscnr. 1886. 
3. Nuttall, Zeitschr. f. Hygiene. Vol. IV. 1888. 
4. Buchner, Centralblatt Bacteriologie. Vol. V. 1889. 
Archiv. f. Hygiene. Vol. x. 1890. 
4. 
He found that it was possible to increase tne bactericidal 
action (i.e. he tnought t.ne quantity of "alexin" was in-
creased) for a particular bacterium by immunizing an animal 
with that bacterium. 
l PFEIFFER'S PHENOMENON. 
An enormous advance in tne study of immunity was 
made in tne discovery of Pfeiffer's phenomenon in 1~94, 
and it is to Pfeiffer's observations tnat we owe tne first 
and most important insight into tne mode of action of the 
-
baoteriolytic immune sera. A normal guinea pig is able 
~c-
to wit.netand and dissolve a number of livingAcnolera 
bacilli, if. these are injected intraperi toneally. If in 
such an animal we gradually increase the dose injected, 
it will be possible after a time to inject at one dose 
an amount of cholera bacilli that represents many times 
an ordinary fatal dose. If from tnis animal we now with-
draw serum and inject it into anotner animal, we find that 
this serum, even in such small amounts as tne fractional 
part of a centigram or even of a milligram, is able to 
protect the second animal against living cholera bacilli. 
Under the influence of tnese small amounts of serum of 
the treated animal, the organism of the untreated animal 
is able to dissolve large . amounts of cholera bacilli, 
amounts Which would otherwise be · invariably fatal. This 
DQtee:-- l. R. Pfeiffer, Zeiteohr Hygiene. Vol. XVIII. 
1'9.&. 
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process, as R. Pfeiffer snowed, is a specific one, i.e., 
the serum of the guinea pig treated with cholera bacilli 
possesses an increased solvent power only for cnolera 
bacilli, but not for any otner species of bacteria. The 
active substance of such a bacteriolytio immune serum 
Pfeiffer called a "specific bactericide". If we allow 
some of this specific cholera immune serum to remain for 
some time (about three days or less) outside of tne body, 
it will lose its power. If we add to tnis immune serum 
some serum of a normal, untreated guinea pig, as Metchni-
koff first did, this immune serum has now acquired the 
power to rapidly dissolve cholera bacilli even in a test 
1 
tube. Bordet, in 1895, showed tnat in order for the 
specific immune serum to dissolve bacilli in a test tube, 
it is unnecessary to add fresn normal serum; but tnat 
immune serum freshly drawn from the vein is able even 
under these circumstances to dissolve the bacilli. 
HEMOLYSIS. 
If we go back to the time when blood transfusion 
was first practised we find it stated that the bloods of 
different animals transfused into man were more or less 
directly injurious, and not capable of replacing numan 
blood for this purpose. Landois 2in a study publisned 
Notes~-- 1. Bordet, Annal. Inst. Pasteur, l895(M.s.u. 
Library). 
2. Landois, Zur Lehre von der Bluttransfusion, 
Leipzig, 1876. 
6. 
in 1875 showed that while transfusion of a foreign blood 
might prove fatal to an animal the transfusion from a 
closely related species produced no ill effects. In 1898 
Belfanti and Carbone1 showed tnat if horses were injected 
with red blood cells of rabbits, the serum tnere after 
obtained from the horses would have acquired an appreciable 
toxicity for rabbits. Shortly after tnis, Bordet publisned 
a very interesting series of experiments. He showed tnat 
the serum of guinea pigs after these had been injected 
several times with 3 to 5 c.c. of defibrinated rabbit's 
blood acquires the property to dissolve rapidly and 
intensely, in a test-tube, tne red blood oells of a rab'bi t; 
wnereas the serum of a normal guinea pig is incapable of 
doing this, or does it in only a slight degree. He also 
showed that this action is a specific one, i.e., the serum 
of animals treated witn rabt:>it blood acquires tnis dis-
solving property only for tne red cells of rabbits not 
for those of any other species of animal. For the latter, 
such a serum is no more strongly solvent than the serum 
of a normal animal. The same property that Bordet had 
demonstrated could now be shown for the sera of all animal 
species treated with blood cells of a different species. 
Thie oan be formulated as follows: The serum of animals, 
species A, after these ha~e beeh injected either sub-
cutaneously, intraperitoneally, or intravenously with 
Notes:-- 1. Belfanti & Carbone, Gion. della R. Aoad. 
di Med. di Torino, 1898. 
'I • 
erythrocytes of species B, acquires an increased solvent 
action for erythrocytes of species B, and only for this 
species. lt is therefore a specific action, and is called 
hemolysie and tne substances which effect the solution of 
tne red cells, hemolysins or hemotoxins. 
At about the same time, and independently of Bordet, 
similar experiments with similar results were published 
by Landsteiner1and v. Dungern2• As a result of this work, 
the acquired toxicity of horse serum, found by .Belfanti & 
Carbone when they treated horses witn red cells of rabbits, 
was explained. The serum of tne horses so treated had 
become hemolytic for rabbit blood, and tnerefore caused 
a solution or destruction of tne red cells in the living 
body just as it did in a test-tube. 
NATURE OF HEMOLYTIC SERA. 
3 ln a subsequent study Bordet was able to show that 
tne solvent power of the specific hemolysins depended on 
tne combined action o:t" two constituents of tne specific 
serum. When the fresh hemolytic serum was warmed for half 
an hour to 55°c., it lost its power. If to"thie inactive 
serum a very small amount of the serum of a normal guinea 
Notes:-- 1. Landsteiner, Centra1blatt Bacterial Vol • .xxv., 
le99. (M.s.u. Library). 
2. Von Dungern, Mfinoh. Med. Wochenschrift, 1898.(M.s.u. 
Library). 
3. Bordet, Annal. Inst. Pasteur, Vol. XII., 1898. 
8. 
pig was added the full hemolytic power was restored to 
this inactive serum. In other words it had been re-
activated by this addition. 
Thie shows that the hemolytic action of the specific 
hemolytic serum depends on two substances. One of these 
0 is able to withstand heating to 55 c., and is contained 
only in the specific serum. The other is destroyed at 
the same temperature above and is contained not only in 
the specific hemolytic serum but also in the serum of 
normal untreated animals. Buchner applied the term alexine 
(complement) to the constituents of normal serum which were 
actively destructive to corpuscular elements, bacteria and 
other cells with which they come in contact. Bordet used 
tne same term for tnat constituent of normal serum which 
did not withstand heating to 56°c. and which was one of 
the factors in tne hemolytic process. The other substance, 
which was found only in the specific serum and which with-
stood heating to 55°c., he termed substance-sensibilatrice 
(hemolysin). 
According to Bordet, therefore, the suostances re-
,, ,, 
quired for hemolysis are the substance sensibilatrioe of 
the specific hemolytic serum and tne alexin which exists 
even in normal serum. The action of these two substances 
Bordet explains by assuming that · the red cell is not 
VUlnerable to the alexin; just as, . for example, there are 
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oertain substances that will not take a dye without the 
previous action of a mordant. The substance sensibilatrice 
plays the role of a mordant. It makes the blood-cell 
vulnerable to the alexin, so that the latter can attack 
the oells and dissolve them. 
Bordet says further, that the "substance sensibilatrioe" 
sensitizes the blood cells not only for the alexin (comple-
ment} derived from the serum of the same species as that 
from which it (the substance sensibilatrice) is derived, 
but sensitizes such celle also for the alexins of normal 
aera of other speoies. In the foregoing experiment of 
Bordet, the substance sensibilatrioe derived from the 
guinea pig _by treatment with rabbit blood sensitizes the 
red blood cells of rabbits not only for the alexin of 
normal guinea pig blood, but also for the alexins of other 
normal sera. In other words Bordet showed that the sub-
stance alexin was present in all fresh normal sera as 
well as the fresh sensitized serum. 
In reviewing the important facts that have been 
disouesed in the foregoi.ng pages on Hemolysis, aooording 
to Bolduan1 , we see as follows: By ID9ans of treatment of 
one species of animal with the red cells of a different 
speoies, the serum of the .first.speoies aoquires an un-
commonly increased power to dissolve and to agglutinate 
Botee:-- l. Bolduan. Immune Sera, 1908. John Wiley & Sons. 
10 
the red cells of tne second species. This increased 
hemolytic power shows itself not only in vivo, so tnat 
an animal so treated is able to cause red cells inJected 
into it to rapidly dissolve and disappear, but it snows 
itself also in vitro when tne serum of this animal is 
used. The process consists in tne combined ac~ion of 
two substances tnat which is excited) in~ response to tne 
inJection, tne "substance sensibilatrice~ and the alexin 
of normal serum. 
11 
A pupil of Ehrlich, Levaditi shows in Figure 1 
below the relation existing between complement, hemolytic 
ambooeptor and red cell. 
I. 
Complement ------ 9 
Hemolytic 
amboceptor-------
Red cell---------
Fig. 1. 
Zymotoxic group 
Haptophore group 
Complementonhile group 
Cytophile group 
Receptor 
II. 
The visible pr:.enomenffn this experiment is t.b.e 
solution of the red corpuscles. 
Fig. 2. 
In the figure is shown the relation ~xisting 
between complement, immune body and antigen. 
I. 
Complement ------
Immune body-----·-
Antigen----------
~- T 
J . J. • 
~Bacteria t O~iW: ex.tracts, 
In this experiment the ba·cteria are dissolved. 
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THE ANALOGY BETWEEN THE 
BACTERIOLYTIC AND HEMOLYTIC PROCESSiS• 
Bolduan in his Immune Sera explains tne analogy (J!M· ,,.,t,"' J 
as follows:-- "If we now recall tne main points in~cnolera 
immunity the close analogy between this and the subject of 
hemolysis is apparent. Just as, when immunizing an organism 
against cholera bacilli the organism responds with increased 
solvent power for tnose bacteria, so does tne organism 
respond when it is treated, i.e. immunized, witn tne red 
cells of another species by increasing the solvent power 
of its serum for those particular cells. Furthermore, 
just as the hemolytic process was seen to depend on the 
combined action of two substances, one developed in the 
nemolytic serum, the other already present in normal 
serum, so also in the bactericidal process just studied 
there are two factors. It is easy to understand, tnerefore, 
what formerly was not at all clear, why specr:i.fic bactericidal 
serum against cholera, typhoid or other infectious disease 
should not act in a test-tube unless there had first been 
added some normal serum (according to Metohnikoff), or 
there had been employed a perfectly fresn serum (according 
to Bordet): simply because in either of these ways the 
l II a exin necessary to cooperate wi~h tne substance smnsi-
11 bilatrice is introduced. This alexin no longer exists 
in the immune serum, if this be not perfectly fresn, for 
13 
we have seen that it decomposes either on warming or 
spontaneously on standing. A bactericidal serum, there-
fore, that has stood for some time is incapable of dis-
solving bacteria. It is possible, however, to make an 
old inactive serum again capable of dissolving bacteria 
in vitro by adding a little fresh alexin, according to the 
suggestion o±· Metchnikoff. In otner words, it is thus 
reactivated. Another obscure point was cleared up by t.l:lese 
studies: why a specific bactericidal serum which is inactive 
in vitro should be intensely active in the living body. 
This is because in the living body the serum finds the 
alexin necessary for its working, which is not the case 
in the test-tube, unless fresh normal serum be added. We 
see from all tnis that even the first experiments in 
hemolysis have served to clear up a number of practical 
points in an important branch of bacteriology". 
TERMS DEFINED AND ROLE OF 
COMPLEMENT EXPLAINED. 
In the following pages tne writer will use the term 
immune body for tne substance in bactericidal serum, and 
hemolytic amboceptor for the substance in hemolytic serum. 
Instead of the name'' alexin: the ·term ''complement (according 
to Ehrlich) will be substituted ~xpressing the idea that 
14 
this body completes the action of the immune body or 
hemolytio amboceptor, the complement possessing no com-
bining group which can attach itself directly to the red 
blood cell or bacteria. Complement acts on these cells 
only through an intermediary, the immune body, which 
therefore must possess two binding groups one which attaches 
to the red blood cell and the other to the Complement of 
normal serum. According to Ehrlich then, the role of the 
immune body or hemolytic amboceptor consists in this, that 
it attaches itself to the red cell on the one hand and to 
the complement on the other, and in this way brings the 
digestive powers of the latter to bear upon the cell, the 
complement possessing no affinity for the red cell. Of 
course the same will hold true in the case of tne bacteria 
and tne immune body and Complement. The specific action 
of tne hemolytic and bactericidal sera appears to be due 
exclusively to the immune body. 
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Having discussed the phenomena of bacteriolysis 
and hemolysis and explained the relation or analogy be-
tween the bacteriolytic and hemolytic processes by review-
ing more or less briefly the work done by various in-
vestigators that go to prove tnese phenomena, we will now 
turn to tne discussion of the various components used in 
tne Complement Fixation Test and review briefly the work 
already done along the line of preparation of tne com-
ponents. As we shall see in subsequent pages, certain 
of these components bear an important relation to the 
most essential facts presented. The following discussion 
on the preparation of various antigens was taken from tne 
reference given below~ 
PREPARATION OF ANTIGENS. 
As has been shown by the classical experiment of 
2 Bordet and Gengou in previous pages, tne reaction depends, 
in principle, intimately upon the fact tnat.neitner antigen 
alone, nor amboceptor (antibody) alone, oan fix complement 
out that this fixation is carried out only by tne com-
bination of antigen plus amboceptor. Any specific 
ambooeptor can be determined by tnis method, provided the 
homologous or stimulating antigen is used; and vice versa, 
~otes:-- 1. Hiss & Zinsser, Text Book of Bacteriology 1912. 
2. Bordet & Gengou, Ann. de l~inst. Pasteur, xv. 1901. 1,,1,~ .J<;(,, (Hiss & Zinseer, Text Book of Bacteriology 1912)(M.S.U.Lib.) 
16 
by the use of a known antibody a suspected antigen may 
be determined. 
I/ . 1r 
An antigen is a substance capable of stimulating 
the formation of antibodies in ani::nals or man and as nas 
been shown is one of the most active factors in the 
Complement Fixation Test. 
When testing immune sera for amboceptors stimulated 
in man or animals by microorganisms which can De cultivated, 
eitner the whole bacteria or extracts of tile bacteria may 
be used as an antigen, and it is also true tnat in the 
case of syphilis in man tnat non-specific antigens give · 
reliable results; as we snall see in subsequent discussion. 
For the diagnosis of syp.1:1ilis by the Complement 
.tixation method, the antigen employed was originally 
obtained by the extraction of syphilitic organs, in vvhich 
free Syphilitic antigen; i.e. uncombined products of 
" Spirochaeta pallida, were assumed to be present, as at 
tnat time :e_ui:_e cultures of this organism had not been 
isola'ted. It snould be remembered that the test may be 
applied to most diseases by tne substitution 01· suitable 
specific antigens. When cultivable bacteria a re used as 
antigens, Bordet and Gengou made use of a thick salt-
solution emulsion of a twenty-1·our-nour-agar-slant 
culture of tne microorganism. Wassermann and Bruok1 
Notes:-- 1. Wassermann & Bruck, Med. Klinik, 55, 1905. 
& Dent. Med. Woon., XII. 1906. (Hiss & Zinsser, 'L'ext 
Hook on Bacteriology 1912). 
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prepared tneir bacterial antigen in the following way: tne 
growths of about ten agar slant cultures are emulsified 
in about 10 c.c. of sterile distilled water. Tnis emulsion 
is snaken for twenty-four hours in a snaking apparatus. 
At tne end of this time 0.5 per cent of carbolic acid 
is added and tne fluid cleared by centrifugation. 
In tneir original experiments, Wassermann and his 
collaborators made use of salt-solution extracts of the 
organs (cnief'ly of tne spleen) of a syphilitic fetus for 
tne antigen to test for antibodies. 'l'his tissue suostance 
was cut into small pieces and to one part by weight of 
this suostance, four parts of normal salt-solution and 
0.6% of carbolic acid was added. This mixture was shaken 
in a snaking apparatus for twenty-four nours, and after 
tnis the coarser particles were removed by centrifugation. 
The reddish supernatant fluid was used as tne antigen and 
coUld be preserved for a long time in dark bottles in the 
iae cnest. 
l Michaelis obtained tne antigen in the f·ollowing 
way: The liver of a syphilitic fetus was preserved in 
a frozen state and from tine to time small quantities of 
extract were prepared for tne purpose of obtaining antigen. 
This was obtained by thorougnly grinding up a small piece 
of tne liver in a mortar and adding five parts of salt 
solution and about 0.5 per cent o±· carbolic acid. This 
mixture was shaken in a Shaking apparatus for several hours 
NottJ:-- l. Miohaelis, Berl. klin. Wooh., 1907. 
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and was then allowed to stand at a temperature slightly 
above o0c. for several days. Finally it was cleared by 
filtration or centrifugation. 
Alcoholic extracts of syphilitia organs have been 
1 
used by a number of authors. Porges and Meier extraot 
the ohopped-up syphilitic liver for twenty-four hours 
with five times the volume of absolute alcohol. This is 
then filtered through paper and the alcohol evaporated in 
0 
vaouo at a temperature not above 40 c. The greenish sticky 
residue should have an alkaline or neutral reaction. About · 
l gram of this material is then emulsified in 100 c.c. of 
salt solution to whioh 0.6 per cent of carbolic acid has 
been added. The fine emulsion whioh results is filtered 
through thin paper and the filtrate used as the antigen. 
Proges and Meier, as well as a number of others, 
have discovered that in actual practice it is not necessary 
to make use of syphilitic organs in order to_obtain an 
antigen whiah will combine with syphilitic immune body. 
This fact, of course, has thrown much suspioion upon the 
Bpeoifioity of the phenomenon. In practice, however, it 
appears as a purely empirical fact that many of the non-
speoifio antigens, nevertheless, give reasonably reliable 
results. The authors mentioned ~oove have found that 
a l per o·ent emulsion of oommeroi~l leoi thin ( Kahlbaum) 
in oarbolized salt solution furnishes a suitable antigen. 
No~ea:.~-.1. Porges & Meier, Berl. klin. Wooh., XV~ 1908. 
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This has not been universally confirmed. The same autnors 
have obtained good results by extracting a normal fetal 
liver by alcohol in the same way as they extracted the 
1 
syphilitic organ. Landsteiner, Kuller, and Poetzl have 
successfully employed an alcoholic extract of the heart 
substance of a guinea-pig. 
Similar alcoholic extracts of normal human spleen 
or of normal rabbit's liver may be employed. Although 
often claimed tnat tne antigen in such extracts is 
furnished by .the lipoids, as a matter of fact it is at 
tne present day unknown to which ingredient tne immune-
body binding power is to be attributed. 
Hiss had good results witn the following:- Fresh 
normal liver or spleen is covered and thorougnly macerated 
with five times its volume of absolute alcohol. This is 
allowed to extract in the incubator for six to eignt days, 
being thoroughly stirred up at least once a day. It is 
then pressed through cheese-cloth and filter.ad through 
paper. This alooholic extract is evaporated to dryness 
at room temperature with the aid of a Wind fan. The 
sticky, brownish residue resulting is taken up in a small 
quantity of ether and the solution poured into four times 
its volume of c. P. acetone. A heavy flocoulent precipitate 
Notes:-- 1. Landsteiner Muller ·& Poetzl, Wien. klin. 
Wooh., 60, 1907. ' 
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forms which settles to the bottom as a sticky .brown mass. 
This is retained as antigen and may be preserved under 
acetone. The acetone-soluble fraction is thrown away. 
For use, about 0.2 gram of the sticky paste is dissolved 
in about 5 c.c. of etner and 100 c.c. of salt solution 
added. This is shaken until the ether has evaporated. 
The resultant antigen, ready for use, is a slightly 
opalescent greenish fluid from which nothing settles out 
on standing. 
Antigen for diagnosing Dourine in horses is pre-
pared from tne spleen of guinea pigs which are inoculated 
with the specific organism and allowed to die. The spleens 
are then ground up finely, preservative added and extracited 
witn salt solution by snaking 12 hours in snaking machine. 
It is then filtered and is ready for titration. 
Before an antigen can be used for tne actual test, 
it is necessary to determine tne quantity which will 
give accurate results. However, since tne principle for 
the adjustment of this reaction is practically the same 
for all antigens, the writer will at this point take up 
tne discussion of tne production of antigen, and otner 
components used in Complement Fixation, as applied to 
neg cholera, and give in detail tne actual tecnnio in 
every case. 
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APPLICATION OF THE FOREGOING 
PRINCIPLES !!£. METHODS !Q. BOG CHOLERA. 
Hog cholera is a highly infectious and highly 
f'atal disease of unknown etiology. The micro-organism 
is ultra microscopic and filterable and has not been 
cultivated artificially. The difficulties therefore of 
applying the Complement Fixation Test would seem to be 
well nigh uns,.d'rmountable. On the other hand this is an 
immunizing disease. Bogs that recover from a natural 
attack are as a rule permanently immune. They must there-
fore produce immune oodies in response to the stimulation 
of an active virus. Moreover, the "immune oodies" are 
utilized in a practical way for the protection of su·e-
cepti ble hogs by the injection of small quantities of the 
blood of hyperimmunized swine. Viewing the problem from 
tnis side the dif1iculties do not seem so great. It is 
simply~: a matter of preparing the "antigen" wliicn is 
certainly abundant in some animals and preparing the anti-
bodies, Which are certainly abundant, in a suitable form 
to snow tne reaotion • 
.la 'i:b:e preceding pages 1 t nae been shown that 1 t 
.18 poeai ble to secure an antigen specific for certain 
diseases without having the specific organism isolated 
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and grown in pure culture. This fact is well illustrated 
in tne case of the syphilitic antigen which was secured 
in several different ways; and in tne diagnosis of that 
particular disease it was found tnat it was not essential 
tnat tne specific organism be present even for the pro-
duction of an antigen; in other words it was found tnat 
a non-specific antigen would deviate .the complement when 
in the presence of specific syphilitic antibodies. The 
reaction was found to be specific however, in view of 
the faot that a deviation would occur only when the 
serum or spinal fluid was of syphilitic origin. (Accord-
ing to Landsteiner, Muller & Poetzl tne serwn of animals 
infected with dourine also gives rise to inhibition of 
haemolysis when tested according to the above method). 
The method of preparation of an antigen for tne 
diagnosis of Dourine by the Complement Fixation Test 
illustrates again that a suitable antigen ca~ be secured 
from organs of an infected experiment animal of another 
speoiea and gives reliable results. 
The course pursued in the investigations of the 
diagnosis of nog cholera by means of the Complement 
Fixation Teet was to try to secure an antigen from ex-
tracts of tne serum, spleen, kidneys, or liver of nogs 
witn acute symptoms of neg cnolera. It was tnougnt 
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that these materials would proba bly f urni sh an antigen; 
since t ne blood in t ne acute type of chol e ra possesses 
a high degree of virulence and the organs mentioned of ten 
snow marked lesions. 
Tne clinical history and post mortem findings 
of the pigs used in this work t·or the production of the 
antigens are appended. It will be noted tna t they all 
s nowed tne usual lesions and clinical picture of hog 
cholera in tne acute form. 
METHOD OF PREPARATIOIJ OF 
ANTI GEN EXTRACTS. 
Hal f tne pigs used in these experi ments were 
artificially inoculated with 2 c.c. of virus and were 
killed wnen snowing tne most severesymptoms of hog 
cholera. The otner .t1al f were naturally infected. (See 
post mortem records - Pigs No. 1 to 8.) 
PIG NO. 1. 
This pig was killed and tne spleen and kidneys 
were secured under aseptic conditions. The spleen was 
ground finely in a meat chopper; and salt solution was 
added four parts to one part of spleen pulp. 1l 1he mix-
ture was tnen shaken in shaking machine for 12 hours, 
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then filtered and lO'fa of Glycero-Carbol-salt solution1 
was added as a preservative. 
The kidney was treated in tne same way as the spleen. 
For titration of tnese two extracts see Table ILI. 
These pigs were killed and the spleens and kid-
neys were secured in tne same manner as described for 
Pig. 1 except t11at the three spleens were ground up to-
gether and a composite sample was taken to be extracted. 
The kidneys were treated in the same way, a composite 
sample was taken to be extracted by shaking with salt 
solution. For titration see Table III. 
PIG NO. 5. 
----
This pig was one which was secured from a farm 
where a number had already died wit11 acute symptoms of 
cholera. It was dead wnen it reached the laboratory. 
From the post mortem record of· this pig, it will be seen 
tnat it snowed an acute haemorr1mgic type of cholera. 
'1.1he spleen and kidneys were treated in tne same manner 
as described for Pig No. 1. 
It will be noted that tne spleen of tnis pig furnish-
ed an active antigen extract. 1!1or titration see Table III. 
Notes:-- l. Glycero-Carbol Sal~ S?~ution, normal Saline 
85~; Glycerin lGro; Carbolic acid 5~. 
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PIGS NO. 6 & 7. 
-----
'l'hese two pigs, 30 pounds in weight, were secured 
from tne same farm from w.hich No. 5 came, and were alive 
wnen brought to the laborator~. They were botn killed 
by et1ierizing, a composite sample of t.1:1e two spleens 
and another composite sample of tne four kidneys were 
treated in the same manner as described for Pig No. 2, 
3, and 4. For titration see ~able III. Neither of the 
samples furnished an antigen. 
This pig was one which died a few hours after it 
was born. lt sllowed on post mortem the hemorrnagic 
lesions common to hog cholera, tnough it came from a 
sow which na.d been vaccinated against cholera ~~ which 
on slaughter two days later snowed no lesions of cholera. 
~he liver was secured from tnis pig, ground finely and 
extracted in tne usual w~y, by adding one part of liver 
pulp to four parts of salt solution, then snaking in a 
snaking macnine for 12 110urs. 'l'itration for antigen 
negative. ~:. ee '.i.'able II.I. 
;:; i Lce t.nere was doubt as to whetne r tne lesions 
in tnis pig were due to cholera some of its blood was 
injected into two pigs that were supposed to be sus-
ceptible. 'l'he results were negative. 
Note:- Some of the work planned could not be completed 
before the time limit set for handing tnis '.l.'hesis; as 
"Teet of a number of liver extracts for antigen". 'l'his 
will be done later. 
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PREPARATION OF COMPLEMENT. 
Neoessarily the preparation of the different oom-
ponents for this test would be the same, for hog onolera 
" 
as in various other diseases, since the only difference 
in tne various teats lies in the antigen, as will be 
r-
seen in the subsequent discussion. The complement used t ::::t .. fl-
1n this work was secured in all cases from heal thy guinea )2,/~~~ ·:;r 
pigs. ~uinea pigs being best adapted to furnish oomple- '°''· ~.....-'}. »->·\-~ ( ; c.J ... ,J,.~~ , 
~~H--ment on aocount of the more oonstant and very active 
oomplementa~ qualities of their serum. Only a small 
quantity is required in oonjunotion with tne hemolysin 
to bring about .hemolysis. In securing tne blood, the 
guinea pig was etnerized, and a transverse incision was 
made aoross one side of the neok witn a sharp soapel, 
outting the ; jugular but not the carotid, traonea, or 
oeeopnagus. The blood was allowed to flow into a sterile 
Petri disn which was set into an incubator fof 16 to 20 
/i-X a,. ..  b •• 
f: . I ·' '" ' r\.t.~r L.- ~....--
~-..... f,.{.. .• ..j. -- . . 
0-, t""'i"- /JJvi. 
minutes (or it oan be put in the ice-box over night if 
not required ;for immediate use'). After t.ne serum separated 
trom the clot it was drawn off wi~h a pippette end then 
oantrifuged in order to th.row down the few red cells or 
Other solids tnat were present in the serum. The olear 
•upernatant serum was then titrated as per Table IV. 
Complement being a thermolabile substance is 
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naturally very sensitive to external influences. wa111 
states that complement will remain active for three days, 
and sometimes longer. My experience snows that complement 
Will keep for two days and be reliable, but the titre 
Should always be taken and adjusted on the same day it is 
used, as it will some times suddenly lose its activity. 
Needless to say that it should always be kept at a low 
temperature; on ice. 
(The above described method of securing the blood 
from the guinea pig was found by the writer to be very 
good from an economical standpoint in view of tne fact 
that one guinea pig could be used two or three times to 
furnisn serum for the complement if sufficient time was 
allowed to elapse between bleeding. By simply severing 
tne jugular vein the guinea pig is not killed, and at the 
next bleeding can be bled from tne other side . of tne neck. 
The third time however it is generally necessary to out 
.. 
both tne jugular and carotid tnereby killing tne animal). 
(Another method that may be employed is to aspirate the 
blood from tne heart of the guinea pig with a hypodermic 
syringe, using a small aspirating needle). 
Notee:-- l. Wall s. Uber die Feststellung des 
eeuohennoften Abo~tus beim Rinde durcn Agglutination & 
Xomplementbindung. Zeiteohrift fur Infeotionekrank.heiten 
der Houetiere. Band 10, Heft t /3. 1911. 
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THlt PREPARATION OF HEM:OLYSIN. 
--- - ~--~~-
The phenomenon of hemolysis has already been de-
soribed in previous pages and is simply the power which 
the blood serum of an animal of one speoies aoquires to 
dissolve tne red blood oorpuscles of an animal of an-
otner species, when injeoted with such corpuscles. In 
the process of dissolution, the hemoglobin or red coloring 
matter of the oorpuscles is liberated. It is upon this 
fact that the utilization of the Complement Fixation as 
a diagnositc agent is based. 
For the production of hemolysin in this work, a 
rabbit was immunized against horse corpuscles. But it 
was found that the serum of hogs was highly hemolytic 
for the red cells of this horse (No. l); it was also 
found hemolytio for another horse (No. 2), and tor a goat, 
and for two cows (Nos. 1 and 2). Finally a cow (No. 3) 
fa.rnished red oells, for which the serum of hogs was not 
hemolytio. It was then necessary to . sensitize another 
rabbit ala.inst the oorpusoles of oow (No. 3), as it oan 
easily be seen that it is necessary to haYe red oelle !L~ 
•h1oh would not be hemolized by t.ne hog serum in ord,er t1 ~Ac ;. I . . 
to carry out any investigation dealing with hog cholera. ) ~· 
The prooedtt:l7e to b~ followed in 'proouriilg · and washing · •;:,.L~~ fw 
$he oow blood oorpusoles will be found ·under lJ~he Washed ~:C::-:.. tAT • 
#•d .Blood Cow Oorpuecles." f,--.fw.f .~ 
~d~~- ···<G~f 
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Equal parts of the washed corpuscles and salt 
solution were mixed and 14 c.c. of this suspension were 
injected intraperitoneally; at tne end of seven days 
anotner injection was g iven, 20 c.c. were administered, 
and af-cer a.not.her seven days 30 c. c. more o:f the wasned 
corpuscles were injected. 
Seven days after tne last injection a sample of 
blood was taken from an ear vein o:f' tne rabbit for ex-
amination. This blood serum was found to be hemolytic 
for the cow corpuscles, as expected. 
;rhe titre o:f:' this rabbit serum or hemolysin was 
next establisned,-- See ~able No. v • . As tne preliminary 
test of the rabbit's serum proved to possess sufficient 
hemolytic power for use, tne rabbit was subJected to a 
fur-cner bleeding. The blood was drawn from tne anterior 
ear vein into a sterile centrifuge tube. The rabbit was 
not killed but was Jrept for f'urtner use to furpish serum 
by additional injections with cow corpuscles. One sub-
sequent inJection will usually stimulnte a furtner pro-
duction of hemolytic bodies. Be f ore bleeding, tne ear 
Of the rabbit was snaved and care f ully disinfected witn 
alcohol, and all tne precautions of asepsis observed. 
The blood was allowed ~o clot ana tne clot was loosened 
f rom tne sides of tne test tube witn a sterile scapel. 
This tube was tnen placed in a centri f uge macnine and tne 
serum was separated from tne clot, poured off into a sterile 
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bottle and heated 56°0. for 20 minutes in order to "in-
activate" it. It was then stored in the ice-oox. The 
titre was re-established every two weeks, as tne serum 
in some cases nas been found to lose its activity quit;e 
rapidly after storage. Although tne writer has found 
tna.t if hemolysin is kept at a low temperature, witnout 
preservative, it will retain its hemolytic properties for 
four or five months. 
THE WASHED RED BLOOD CORPUSCLES. 
The red blood corpuscles of cow No. 3 were employed 
in the preparation of the hemolysin, also as an essential 
1:'actor in tne test proper. The reason for using tne 
red cells of cow No. 3 for tnis investigation is explained 
under "Preparation of Hemolysin". 
To obtain the blood from tne cow, to furnish tne 
red cells, a cord was passed around tne neck close to the 
shoulder and drawn tightly. A hypodermic needle was tnen 
thrust into the engorged jugular vein, and tne blood was 
caugnt in a sterile bottle containing glass beads. The 
blood was defibrinated by snaking the bottle for ten 
minutes a f ter wnicn it was filtered througn sterile gauze 
into centifuge tubes. These were placed into a centri-
fuge machine, with a speed of 2000-3000 revolutions per 
minute, until all of' the corpuscles were thrown down. 
. . 
The supernatant serum was pipetted off and a corresponding 
amount of sterile physiological salt solution added to 
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remove the remaining traces of serum, a very necessary 
procedure, after tne last washing tne salt solution was 
drawn off wi tn a pipette. Two c. c. of· tne concentrated 
red cells were mixed with 98 c.c. of salt solution making 
a two per cent suspension of red cells. 0.5 c.c. of this 
two per cent suspension of red cells were used as a base 
from which all the titrations were establisned. If tne 
red cell suspension is kept on ice it can be used safely 
for a week. Any evidence of red coloring in tne super-
natant salt solution after the red cells have settled 
to tne bottom of the retainer is an indication of dis-
integration of red cells and the solution should be 
discarded and a tresn suspension made up. 
TITRATION OF ANTIGENS. 
In testing the extracts for antigenic properties 
in all of these preparations, tne serums of hYR~r-immune 
hogs were used as i~ was assumed that tnese serums would 
contain a high an ti body content, speci fie ±'or tne an ti gen 
sought for in these extracts. This is a natural con-
clusion since the serum of hyper-immunes wnen injected 
into a susceptible hog will protect this nog against 
cholera. 
Susceptible pigs' serum was used· as a control in 
every case as snown in Taole .II. again a·ssuming that 
tnis serum would be negative or at least very low in 
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antibody content specific for cholera. 
Of course, the chief object in tne titration of 
an antigen extract would be to determine tne smallest 
quantity of an antigen which would prevent hemolysis when 
the otner factors of tne Complement Fixation Test were 
present in proper quantities. 
However, in tnis case we nave an extract wnicn we 
wish to examine for antigenic properties, and is really 
a case, or we will assume so at least of naving a known ;- -
antibody to determine !. suspected antigen. 
The procedure followed in this titration is snown 
in Table Ho. II.., ~1 igure No. 3 • A series of twelve small 
test tu·oes we r e arranged as in previously described ti trations, 
and tne different fluids were added as indicated. It will 
be ooserved that an incubation was required to bring about 
tne desired reaction (provided of course the antigen was 
aotive} before the hemolytic system was added. ~ 
A~er a furtner incubation of 45 minutes the re-
aulte were read according to tne degree of hemolysis. 
(See Figure No • . 3 ~ Table No. 11 •. '}. Some one .of tne first 
seven tubes (all of which contain hyperimmune hog serum, 
and varying ttmounts of antigen (extract No. 2} O.Ol to 0.3 
wit.n t.ne ot.ner components) will indicate tne titre, i.e., 
t.b.e first one of the series wnioh snows no .nemolyeis. In 
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tne illustration (Figure l:o . 3) tube 2 containing • 02 c. c. 
represent tne titre. Tube 8 which contains serum from 
a pig susceptible to cnolera snows complete nemolysia, 
because tne susceptible serum does not contain antibodies 
specific for tne antigen. Tubes 9, 10, 11, and 12 contain 
antigen (extract No. 2) and tne hemolytic system to demonstrate 
that the antigen in each, without tne presence of a serum 
containing tne · speci;fic antibodies do not prevent hemolysis. 
In tne illustration of tne titration tne results 
given are tnose obtained from a positive reacting extract, 
to a particular hog serum. A more lengthy discussion of 
/ k t(! . 
which will be given at another point in this paper. 
PREPARATION AND TITRATION OF SERUM 
OF CHOLERA HOGS TO ~ FOR 
ANTIGENIC PROPERTIES. 
The serum from cholera hogs No. l, 2, 3, 4 and 5, 
which furnished the spleen and kidney extracts already 
considered was also tested for antigenic properties. 
The blood was drawn from pigs No. 1, 2, 3 and 4 when 
killed. Pig No. 6 had been dead about 3 hours When the 
blood was drawn. The blood was defibrinated, and the 
red cells separated by centrifugation, and samples of 
the serum from each pig was tested separately. The 
34 
serum ·of eacn pig was titrated as an antigen and tne 
tecnnic followed was the same as s11own for t.ne other 
extraots, Table No. II • .l!'igure No. 3 • It was assumed 
in this test that t.ne serum being tested for antigenic 
properties would also contain antibodies in sufficient 
quantities to deviate the Complement consequently no 
immune serum was added. The results of the titrations 
are given in Table I •. following:-
TABLE NO. I. 
RESULTS OF TITRATION OF VIRUS 
FOR ANTIGENIC PROPERTIES. 
Pig :No. 1. 
(a) Serum, unheated and no pre-
servative added. 
(b) Serum, plus 10% Glygero-oarbo-
salt sol. heated 56 c. 20 min. 
lo) Serum, plus 10% Glycero-carbo-
salt sol. heated 56°0. 26 min. 
(d) Serum, plus 10% Glygero-caroo-
salt sol. heated 56 c. 20 min. 
Pig No. 2. 
(a) Raw unh&ated serum plus preservative 
(b} I 
" " " " " ( 0) 
" " " " " " (d) 
" " " " " " (e) 
" " 
II 
" 
n 
" 
Titration results. 
Negative. 
Negative. 
.. 
Negative. 
:Negative. 
Titration results. 
Negative. 
n 
" n 
" 
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Pig No. 3 
T itra~ion results. 
(a) Raw serum unheated Nega~ive. 
(b) Serum heated 56°C. 30 min. " 
(c) Serum 10% Carbo-glycero-salt solution n 
Pig No. 4. 
Titration results. 
(a) Raw serum unheated Negative. 
( ·b) Serum heated 56°c. 30 min. " 
( c) Serum l()<j~ Carbo-Glycero-sal t solution n 
Pig No. 5. 
Titration results. 
(a) Raw serum unhea-ced Hegati ve. 
(b) Serum heated 56°c. 30 min. " 
(c) Serum 10% Carbo-Glycero-salt solution " 
It will be observed from tne data presented that 
the results were all negative; however there are several 
points that are open for cri t icism in tn~s investigation, 
and it may be t.i1at by a slight cnange in t.t1e technic 
positive results may be obtained. 
Perhaps by a more delicate adjustment of the 
components used or a slight change in tne preparation of 
the extract of the serum success may yet ·be attained fr om 
tile use of the serum of cholera hogs to furnish a suitable 
antigen. If not the serum perhaps the blood clot will 
f urnish an active antigen extract. 

TABLE NO. lL. 
TITRATION OF Al;TIGEN EXTRACT. 
I \I 
Tube 1 2 3 4 5 6 7 8 9 10 11 12 
Nacl solution (a) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 l. b 1.5 
Hyperimmune serum .02 .02 .02 .02 .02 
!HOE? No.'/) (b} .02 .02 .o .o .o .o ' .o 
Suscepti~le hog 
serum (c .o .o .o .o .o .o .o .02 .o .o .o .o 
Antigen(Extract of .01 .02 .ot:i .08 .1 .2 .25 .1 .2 .3 .4 .5 
sn1 AAn of cholera hn.o" l d 
Complement ( e) 1.06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 .06 i 
.. 
- -
-
- -
- -
Incubate for 45 minutes at 37°c. then add the nemolytic system as below. 
Hemolyein (f) I .04 .04 . 04 .04 .04 .04 .04 .04 .04 .04 .04 .04 
Suspension blood 
corpuscles. {g) .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 
Results after 45 minute + - - I - - - - + + + + +1 i'ncubation. ( h) I 
a. 0.875% sodium chloride solution. 
b. Hyperimmune serum (Hog No.7) supposed to contain antibodies. 
c. Susceptible hog serum ndt containing antibodies. 
d. Antigen (extract of spleen of cholera hog). 
e. Complement of known titre diluted 1.5 times. 
f. Hemolysin of known titre two unite used. 
g. 2% suspension washed cow-blood corpuscles in sodium chloride solut i on. 
h. +sign indicates complete hemolysis. - sign indicates no nemolysis. 
~ 
O"l 
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'i.'i<.BL _ci; NO. i ll. 
RESULTS OF TITRATI ON OF THE SPLEEN 
AND KIDNEY ANTIGEN EXTRACTS. 
Titration Results. 
1 Spleen extract from Pig No. 1 Negative. 
2 " " " " Nos. 2,3,& 4 Positive. + 
3 " " " " No. 5 Positive. t-
4 " " " " Nos. 6 & 7 Negative. 
5 Kidney extract from Pig No. 1 Negative. 
6 " " " " Nos. 2,3,4 Negative. 
7 " " " " No. 5 Negative. 
8 " " " " No. 6 & 7 Negative. 
9 Liver extract frotn Pig. No. 8 Negative. 
It will be observed from the above table that 
out of 9 extracts titrated two snowed active antigenic 
properties. Positive extract No. 2 coming from figs 
Nos. 2, 3, & 4 which were artificially inoculated with 
2 c.c. of virus and were killed when snowing tne most 
acute symptoms. Positive extract no. 3 on tne contrary 
came from Pig No. 5 which was naturally infected on a 
farm and tne spleen was taken for e~traction after the 
pig had been dead from tne effects of cnolera for ab.out 
tnree hours. 
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TITRATION OF COMPLElvIENT. 
The technio of this titration is the same as that 
1 
used by Hadley & Beach in preparing complement for the 
Complement Fixation Test for Contagious Abortion only 
that the writer uses a 2% suspension of the cow-blood 
cells instead of a 1% suspension of the horse-blood cells, 
since it was found that the erythrocytes of' the horse 
were hemolyzed by hog serum. It is necessary to establish 
the smallest amount of complement which with a definite 
quantity of hemolysin, will induce a complete hemolysis 
of 0.5 o.o. of a 2% suspension of the cow-blood cells in 
salt solution. Care must be observed in all these titratione 
that the exact amounts of the different fluids are used, 
and that dilution are made according to directions. · 
The complement is diluted 1.5 times with salt 
solution. One tenth oubic centimeter of hemolysin is 
.. 
assumed to represent the quantity of this substance re-
quired. Seven test tubes of about 6 c.c. capacity are 
arranged in a rack and into eaoh are carefully measured 
different amounts of tne necessary components as per 
Ta Qil.(I} IV.. Figuae 4 , 
It should be noted that in the titration of the 
different components, the results .are St!.bject to a great 
Notes:-- l. Hadley & Beach. Research bulletin 24 Wis. 
E.xper. Station. 
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deal of variation, no two titrations of different samples 
of the same component being exactly alike. 
Shake eaoh tube well, place the rack in the in-
o 
cubator at 37 ·0. for 46 minutes, after which a reading is 
made (See Figure 4 ) • The titre of the complement is re-
presented by 'tl1e smallest quantity which completely dis-
solves the red oorpuscles and leaves a clear, red soiution. 
In the titration of the sample from which Figure4 ' was taken 
tube .. 2 represents the titre. Tubes 6 and 7 are controls; 
6 should show no hemolysis as no complement is presentJ 
and shows that the hemolysin has been properly inactivated, 
7 is a oontrol for the guinea pig serum to ascertain that 
it does not contain hemolytic substances; all rabbit 
serum is excluded from tnis tube. Complement with a lower 
titre than .06 represented by tube 3, is discarded. 
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TABLE NO. IV • . 
TITRATION OF COMPLJ£MENT. 
-
Tube 1 2 3 4 5 6 
Nacl solution(a) 5:: g. c.c. c.c. c.c. c.c. c.c. l.b l.f> 1. 5 1. f> 1.5 
Hemolysin (b} 
.1 .1 .1 .1 .1 .1 
Susg!nsiyn)blood cor- .5 .5 .5 .5 .5 .5 pus es o 
Complement (d) .02 .04 .06 .08 .1 .o 
Result after 1 h9ur 
-
-t- + + + -incubation at 37 c.(e) + A A A 
a. 0.876% sodium chloride solution. 
b. 1% dilution hemolysin in sodium chloride solution. 
o. 2% suspension washed cow-blood corpuscles in sodium chloride 
solution. 
d. Complement dil~ted 1.5 times with sodium chloride solution. 
7 
c.o. 
1.5 
.o 
.5 
.1 
-
-
e. +sign indicates complete nemolysis; --sign indicates no 
hemolysis; ~ signifies a partial nemolysis in tne above titration 
·.-.. 
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The object of this titration was to establish 
the aMount or unit of hemolysin to be used in the Com-
plement 11 ixation Test. A unit of hemolysin is the smallest 
qua.ntity which will bring about the cor:i.plcte solution of 
0.5 c.c. of a 2% suspension of cow-blood co:rpuscles in 
the presence of the proper ar:iount of complement. A series 
of eieht test tubes were arr&nged. Into each was measured 
1.5 c.c. of salt solution, 0.5 c.c. of the . washed cow-
blood cor~uscles, .06 c.c. of complement then Braded 
amounts of hemolysin were a<lded accor(ling to Table V. 
Shake each tube well, place the rack in the in-
cubator for 45 minutes then read the results. The standard 
or titr e o:f the hemolysin is, the smallest quantity which 
completely Aissolves the red blood corpuscles an~ leaves 
a clear red solution. HeI:lolysis may appear in any of the 
first six tubes. Tube 7 is a control, with no c"'ompleme.nt 
to ~emonstrate that the hemolysin was properly inactivated 
an<l that it alone ~oes not have a hemolytic effect. Tube a 
is likewise a control to prove that the complement without 
the hemolysin will not provoke hemolysis. 
Fxom one and a half to two units of heoolysin was used for 
all further titrations. The titre ~f the diluted hem6lysin should 
not be less than .05 which is represented in tube 3 
Figure S' • Serum with a. lower titre than tnis was not 
used as tne larger quantivies that would be required 
migi1t inverfere with t11e reaction. 

' 
TABLE NO. V. 
TITRATION OF HEMOLYSIN. 
- - - -
. 
-
I 
'l'ube 1 2 3 4 5 6 7 8 
c.c. c.c c.c. c.c. c.c. c.c. c.c. c.c. 
Hacl solution (a) l.b l.b 1.5 l.b 1.5 1.5 1.5 1.5 
Hemolysin (b) .02 .03 .05 .1 .15 .25 .15 o.o 
Suspension blood 
corpuscles (c) .5 .5 .5 .5 .5 .5 .5 .5 
Complement ( d) • ..U6 .06 .06 .06 .06 .06 o.o 106 
Result after 1 ngur I - + + + + + - ---incubation at 37 Q1 l~l. .... • 1 • • • • • 
a. 0.8't5% sodium cnloride solution. 
o. z:'fo hemolysin in sodium chloride solution. 
c. 2% suspension wasned cow-blood corpuscles in sodium cnloride 
solution. 
d. Complement of known titre. 
e. +sign indicate!J complete hemolysis4 - sign indicates no 
nemolysis; ~ signU:ies partial nemolysi s. 
·--;-...,.. 
·-... 
c; 
~ 
<:.>1 
_--....... ......... 
'· ., \ 
- -·-. ....,. 
~-,-~ ... ~ \..._; 
' •·-· ·."..J"' 
L -
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:METHOD OF PERFORMING THE ·COMPLEMENT 
~ ~ ~~~~-
FIXATION TEST IN TESTING 
THE SERUM OF HOGS. 
In the previous pages I have described the work 
we nave done in preparing the antigens and establishing 
tne titre or standard of eacn component to be used in 
tne Complement Fixat io?l Test, of 11og serum, for tne 
specific immune bodies of hog cholera. The application 
of tne test will now be considered. 
In the following tests tne two antigens used were 
secured~one from tne spleens of pigs Nos. 2, 3, and 4 
(composite sample),and tne otner from pig No. 5.(see 
preparation of antigen). As will be shown the serums 
tested were from hyperimmunes, and from hogs showing 
acute symptoms of hog cholera. 
Tne test proper was carried out as follows:- a 
rack with five small test tubes was arranged for .. each 
animal to be tested. The required amounts of serum, 
antigen, and complement were measured into tne respective 
0 
tubes, each tube shaken well and incubated at 37 c. for 
45 minutes. 'l1he hemolytic system was then added accord-
ing to Table VI. . • After incubating again for 45 min-
utes the results were read. 
45 
The purpose of the first incubation above was to 
give an opportunity for tne complement to comoine with 
the antigen through the medium of the immune bodies which 
may be present in the suspected serum being tested. 
Table No. vr._. on the following page shows a 
positive reaction and Table No11tf._ on tne next page 
shows a negative reaction. 
It will be observed that all the components used 
were the same in each test except the hog serum that was 
tested; the samples came from different individuals. 
The results indioate that th~ blood of one oontained 
specific "immune bodies" for the "antigen" used; and that 
the blood of the other hog did not contain these immune 
bodies, at least in quantities that could be detected 
by the test. 
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© 0 
(D 0 
<D 0 
(D f c 0 2 0 
(D Q) · -0 tf) 0 C)' d 
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t: ·-0 t;< 
·~ 0 
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,...,J 
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TABLE NO. VI • . 
COMPLEMENT FIXATION TEST. 
Hyperimrnune hog showing positive reaction. 
7f 11-·· - ---; 
. 
Tube No. ,. l 2 3 
c.c. c.c. c.c. 
Salt Solution 1.5 1.5 1.5 
Suspect Hog Serum '116 7 
.02 
Antigen(spleen extr~ct from niQ' 2_3_ & 4 .04 
Complement 
.06 .06 ' .06 
Incubate 37°c. for 45 minutes. 
Hemolysin 
.04 .04 .04 . 
Red cells 
.5 .5 .5 
0 
Inoubate 37 ~. for 45 minutes. 
Results + + l + 
-t- (plus) sign indicates hemolysie. 
(minus) sign -indicates no hemolysis. ~ Indicates partial hemolysis. 
l 
4 5 
c.c. c.c. 
1.5 1.5 
.02 .03 
.04 .04 
.06 .06 
.04 .04 
.5 .5 
- -· 
~ 
a: 
··7~ ~ \ . ,.. 
C•( 
") ...,,..,_~" 
!-' 
·:::--;."-, 
;.'! 
('.~~ 
/ 
() ' 
(D 0 
(D 0 
CD o 
0 
0 
0 
0 
TABLE NO. V.II,. 
COMPLEMENT FIXATION TEST. 
Hyperimmune hog showing negative reaction. 
--:/!- ------ -- -----· 
-
Tube 1 2 3 
o.c. o.c. c.c. 
Salt Solut.ion 1.5 1.5 1.5 
Suspect H6g Serum .02 
~tigen(s~leen exlract 
t:r:Ol'll l>i~ . 3. & 4 .04 
Complement 
.06 .06 .06 
Incubate 37°c. for 45 minutes. 
Hemolysin 
.04 .04 .04 
Red cells 
.5 .6 .5 
0 Il\Cubate 37 c. for 45 minutes. 
Results + - + ~ l 
-f- (plus) sign indicates hemolyais. 
-- (minus) sign indicates no hemolysis. 
:+: Indicates partial hemolyais. 
4 5 
c.c. c .c. 
1.5 1.5 
.02 .03 
.04 .04 
.06 .06 
.04 .04 
.5 .5 
+ + 
. .. ,, 
,r") 
'r-., ~ 
"• 
---..,.._ \"":' t<~ ... -~"" 
'"" 
·-..• , -
'-.J 
tll-
-.:i 
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The results given in Table No. VI~ • and Figure No. 6 
was taken from a test of the serum of hog No. 7 which 
was positive, in the titration of antigen extract No. 2 
(from spleen pulp of pigs No. 2, 3, and 4.),and antigen 
No. 3 from spleen. of Pig No. 5. 
The interpretation as shown in Table No. VI;.... is 
the degree of hemolysis. The first three tubes are con-
trols. Tube 1 shows hemolysis because there is no anti-
body present to bind the complement: this tube demonstrated 
that t.b.e "antigen" in the quantity used in the test did 
not of itself bind the complement. Hemolysis occurred 
in Tube 2, as the complement and hemolysin were present 
in the proper quantities to bring about solution of cow 
corpuscles. Tube 3 which contains suspected serum snows 
hemolysis; this indic.ates that the serum without the 
antigen does not prevent hemolysis. Tubes 4 and 5 contain 
all of tne components and show no hemolysis indicating 
that the "complement" was deviated in the first incubation 
showing the presence of "antibodies" in the serum tested. 
Of course in a case where no antibodies were present 
complete heJTolysis would occur in all tubes, as shown in 
Table NoVIL- Figure 7 • 
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TABLE NO.VIII. 
SHOWING .RESULTS OF TESTS OF 
HOG SERUM WITH AUTIGEN NO. 2. 
The hogs used in this work were hyperimmunes which 
were being used to produce anti-hog-cholera serum. The 
samples of blood being taken at the time of bleeding. 
The samples were caught in sterile test tubes, 
and the serum was separated from the clot; and if used 
immediately, the serum was inactivated by heating 56°C. 
for 20 minutes. 
NO. OF HOG 
7 
294 
601 
54 
623 
21 
18 
701 
19 
25 
22 
26 
690 
20 
23 
24 
47 
48 
46 
45 
50 
56 
62 
60 
58 
703 
69 
514 
RESULT. 
+ 
+ 
REUARKS. 
The blood serum of 54 hogs 
was tested with antigen No. 2. 
Of this number only two gave a 
positive reaction ~ hyperimmunes 
Nos. 7 and 294. Hog No. 7 was 
the hog used in titrating the 
antigen. 
At the time antigen No. 2 
was used on th~s large group of 
hogs it was probab·ly not very 
active as it had been prepared 
six months previously and the 
reaction with serum No. 7 and 
No. 294 was weak. Moreover, a 
freshly prepared antigen No. 3, 
which was also titrated against 
serum No. 7 showed the serum to 
be strongly positive, as was 
also serum of hog No. 294. In 
addition to this the serum from 
four other hogs, of the opposite 
column, that reacted negatively 
to antigen No. 2 showed a positive 
react i on to the fresh antigen 
No. 3 - giving further proof of 
the weakening of antigen. No. 2. 
(See Table No. x::. ) 
40 of the hoge in opposite 
NO. OF HOG. 
--
511 
510 
504 
512 
503 
506 
505 
320 s. 
7'7 s. 
96 s. 
75 s. 
299 
501 
342 
318 
274 
298 
292 
324 
273 
323 
272 
278 
293 
264 
2'15 
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RESUL'.l:. REMARKS. 
column that reacted negatively 
to the weaker antigen No. 2, 
were not checked against the 
stronger antigen No. 3.(The 
possibility that the same 
percenta~e of positive reactions 
(33 1/3 %) would have been 
shown, had the entire lot of 
hogs in the opposite column 
been tested with the stronger 
antigen). Moreover the negative 
reactions shown by so me of the 
animals of opposite column may 
be due to the fact that they 
had not been recently hyper-
immunized or that the; hyper-
imrnunizing blood used was of 
low virulence. Tpese are 
factors we have not checked up, 
on this group of hogs. But 
Table No.IX. showing positive 
reactions on a recently hyper-
immunized group of hogs has 
a bearing on this matter. 
Hog num-bers marked S. are 
ones that were slaughtered at 
the time the sample of blood 
was taken. 
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TABLE NO. IX. 
TESTS OF HOG SERUM FROM HYP:ERIMMUNES, 
NO._QF_gQ£. 
516 
408 
38,., 
"f; '1- .... 601 
-Ii 'l - 273 
"'' ""- '- 510 471 
488 
294 
474 
465 
-~* \ . .. .. 506 
609 
382 
412 
417 
386 
414 
384 
413 
385 
383 
563 
389 
416 
564 
637 
530 
645 
636 
533 
624 
618 
;¥.· >--- 294 
\ ·1 7 
-1' 'V x 279 
/ 64'1 
662 
0 
656 
560 
666 
3~a 
WI~H ANTIGEN NO. 3. 
~- i£ SULT. 
+-
--6--
....... 
.Jo.-
+ 
+ 
....... 
t 
+ 
t 
+ 
_,_ 
_,_ 
+ 
t 
_,_ 
_,_ 
.+-
_,_ 
__,__ 
..f-
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
REMARZS. 
Antigen No. 3 was used 
in testing tne serum of 67 
nyperimmunee; 35 of these gave 
a positive reaotion, and 32 
were negative. The higher 
peroentage of positive reactions 
in this group as oompared with 
tne preceding group is.in part 
probably due to the more aotive 
antigen used - whetner this 
group was more highly immunized 
than the preoeding group is 
a matter to be determined •. 
The important faot de-
veloped is that(a positive 
Complement ]1 i:x:ati on reaction 
did occur wi t.n t .ne serum of a 
considerable number of b.yper-
immunized hogs, when an antigen 
extract from tne spleen pulp 
of a pig suffering from an acute 
.naemorrhagio type of cholera 
was used.) A considerable number 
of the hogs t-4,at showed tne 
positive reaction and negative 
reaction have been retained 
for further study. 
Hog numbers marked s. 
are ones that were slaugntered 
at the time the sample of blood 
was taken. 
NO. OF HOG. 
- --
561 
539 
613 
615 
646 
542 
381 
502 
648 
v 604 
v 503 
ti 512 
v 514 
464 
463 
461 
472 
295 8. 
v 299 s. 
2'19 a. 
IV 292 Se 
tf 318 s. 
v !42 s. 
RESULT. REMARKS. 
oL;;_ ,_, - -· 1, ~: 
'I 
o..{'....-.1.e 'f· I v"W C-t-.-... l-~ 
'I 1f -L-
" 'If -v · 
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TABLE NO. z. 
GROUP OF CHOLERA IMllUNES TESTED WITH 
ANTIG~N NO. 2 AND NO. 3. 
a f 7 
• 294 
{
501 
b 506 
510 
273 
0 
504 
512 
503 
299 
342 
318 
292 
514 
ANTIGEN NO._! .ABTIGEI N0.3 
+ 
+ 
+ 
+ 
..... 
+ 
The hogs given in the above table is a regrouping 
from Tables VIIIand IX. of individuals •hat were 
tested wi tL i)otn antigens Los. 2 and 3. 
As shown in the previous tables the indioations 
were that antigen Ho. 2 was the weaker, and this is 
furtner borne out by this direot oomparison. As already 
mentioned antigen No. 2 was prepared six months previous 
to tne preparation of antigen No. 3. It w111 be observed 
that all the positive reacting serums for antigen No. 2 
were also positive for antigen No. 3. And that four of 
the samples which were negative to antigen No. 2 were 
54 
positive to Uo. 3, while 8 serums were negative to both. 
The full interpretation of tnese results remains to be 
determined. Fuller light will be thrown on the matter 
by a study of tne history of each hog that supplies the 
serum samples - the number of times injected with virus, 
the degree of vi rule.nee and quantity of infected blood used 
time intervening oetween the nyperimmunizing and tne draw-
ing of samples for test - differences in samples from 
first,second and third bleedings. 
TABLE UO.XI. 
COMPLEI11E:NT FIXATION TEST on SERUM 
OF SICK PIGS, AFFECTED WITH CHOLERA. 
DATE. NO•t OF PIG WEIGHT. RESULT. 
Oct. 14, 1914. 1 45 
II 
" 2 45 
" " 3 45 
" " 4 50 Oct. 17, 1914 5 75 
The serum samples from pigs Nos. 1 to 4 were 
drawn from the tail on the seventh day following in-
oculation with 2 c.c. of hog oholera virus. Pig No. 5 
was suffering from natural infection and had a temper-
o 
ature of 105 F. Antigen Extract No. 2 was used in the 
test of the serum samples. This antigen had been 
prepared tnree weeks previously. A negativ~ reaction 
was given by all samples. The antigen checked positive 
witn serum No. 7. 
Antigen No. 3 has not been tried on the serum 
of sick hogs. 
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RELATION OF B. SUIPESTIFER TO THE 
The relation of B. Suipestifer to the 
reactions obtained is a matter of interest. 
. ",. 
: po s't.*Jrs:' 
Since that 
microorganism is often associated with the filterable 
virus of hog cholera. 
Preliminary tests with an antigen prepared from 
a pure culture of B. Suipestifer gave no devia~ion of 
the Complement with serum samples obtained from hogs 
which gave a positive reaction to antigen extract No. 3 -
this seems to indicate that the reactions shown in Table 
No. IL . are. no'tr due to immune bodies against B. Bui-
pestifer. 
Two hogs inoculated.witn cultures of B. Suipestifer 
had not at the end of seven days produced 1IDDI11Ile. bodies 
. ~ 
in sufficient quantity to deviate the complement when 
used either with B. Suipestifer antigen (or the spleen 
extract antigen No. 3). Moreover the spleen, from hog 
No. 6, which was used in preparing antigen No. 3, failed 
to yield cultures of B. Suipestifer. 
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VARIATIONS AND LOSS OF ANTIBODY 
CONTEl~T IN SWINE 
HYPERIMMUNED TO ~ CHOLERA. 
An observation of interest relating to tne apparent 
lose of the cholera immune bodies, in hyperimmunized hogs,-
eo far as they could be detected by the antigen used - was 
made during the course of tnese experiments. And ·this 
came from wnat was at the time thought to be an unfortunate 
accident. The Titration nog No. 7, the only hog which 
up to this time had reacted strongly to antigen No. 2 
had a leg strained at the third hyperimmunization, and 
was unable to walk for nearly four months; but by careful 
nursing recovered and was again used to supply serum for 
the investigation. The interesting point in the use of 
this serum was t.he fact that, . after his illn~·ss, his 
serum when tested with the same antigen which, when 
used before his illness, gave a distinct deviation, now 
showed no deviation of the complement. Hog No. 7 was 
then treated with 2 litres of virus, intraperitoneally; 
and at the end of seven days a sample of blood was taken 
from his tail for examination. This serum when tested 
showed a distinct deviation. The reaction was not as 
strong however as it was six months before, and just 
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previous to the injury mentioned. This might be due 
to two causes - first to a lower antibody content of the 
serum following this re-hypering, as compared with the 
samples tested six months before, - due to possible 
differences in the virus used or the method of hyper-
immunization - the previous hyperimmunization was by 
intravenous injection, while the latter was by intra-
peritoneal injection. The more probable cause however 
of the weaker reaction was a loss of strength in the 
antigen used. It was six months old. La ter work with 
this antigen (No. 2) in comparison with a fresh antigen 
(No. 3) on the serum of this and other positive reacting 
hogs as shovm i n preceding tables justify this interpretation. 
Another point is that the presence in the circulating blood 
of a free detectible anti bod~ (by t he antigen used0 was 
not necessary for tne maintenance of immunity against 
.hog q_holeraJof t ne .hog that had been activeLy nyper-
immunized six months bef"ore; otnerwise tne animal would 
nave cont-racted the disease in a virulent f'orm from tne 
injection o±· tne large quantity of virus intraperi toneally. 
In this connection may be mentioned tne fact tnat i n t ne 
uractical production of anti-hog-cholera serum, it is 
" 
necessary to re-hyperimmunize tne supply animals at 
intervals, because of tne diminisned potency of tne serum 
59 
in the supply animal from lapse of time and other causes, 
p, .. . _, •. k 
as is shown by th~ ~use of the anti-hog-cholera serum in 
preventive.' field work. 
The value of an accurate and delicate test to de-
termine the presence and approximate quantity of the hog 
cholera antibodies in the blood of t n e supply animals 
be f ore drawing a large supply for fi eld use is apparent. 
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RECORD OF CHOLERA PIG USED 
IN 
EXPERIMENT. 
No. 1 
-------
0 Temperature when killed 107.4 F. _____ ..;...;;;.--.,..;.___ 
Weight~~75-.......;;l_b_s~·~-
POST MORTEM LESIONS: 
Skin:-- Few hemorrnagic spots. 
Lymph glands: 
Sub Maxillary:-- Congested. 
Cervical:-- Congested. 
Bronchial:-- Congested. 
Pqrtal glands:-- Enlarged, congested and haemorrhagic 
Mesenteric:-- Greatly enlarged and congested. 
Inguinal glands:-- Enlarged. 
Heart:-- Normal. 
Lungs:-- Very sligntly pneumonia. 
Spleen:-- Greatly enlarged. 
Kidneys:-- Slightly petechiated. 
Intestines:-- Normal. 
Remarks:-- This pig was inJected witn 2 c.c. of virus 
and was killed at t.tle end of 10 days, naving been sick 
tnree days. 
No. 2 
-----
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RECORD OF CHOLERA PIG USED 
IN 
EXPERIMENT. 
Temperature when killed 0 107 .4 :h'. 
Weight __ 8~0.;_;;l~b~B~·~­
POST MORTEM LESIONS: 
Skin:-- Few hemorrhagic spots. 
Lympn glands: 
Sub Maxillary:-- Slightly congested. 
Cervical:-- Sligntly congested. 
Bronchial:-- Slightly congested. 
Portal glands:-- Greatly congested. Hemorrnagic. 
Mesenteric:-- Slightly congested. 
lnguinal glands:-- Enlarged, slightly congested. 
Heart:- Normal. 
Lungs:-- Slightly pneumonia. 
Spleen:-- Sligntly enlarged. 
Kidneys:-- Petechiated. 
Intestines:-- Normal. 
Remarks:-- This pig was injected witn 2 c.c. of virus and 
was killed at tne end of 10 days, naving been siok three 
days. 
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RECORD OF CHOLERA PIG USED 
IN 
No. 3 
----
EXPERIMEIJT. 
'J:'emperature when killed 0 10'7.6 F. 
Weight~~7~5;,,,...;;l~b~s~·~ 
POST MORTEM LESIONS: 
Skin:-- Hemorrhagic splotches. 
Lymph glands: 
Sub iJia.xillary:-- Congested and naemorrnagia. 
Cervical:-- Hyperaemia. 
Broncnial:-- Hyperaemic. 
?ortal glands:- Congested and naemorrnagia. 
Mesenteric:-- Slightly congested, greatly enlarged. 
Inguinal glands:-- Hyperaemic and enlarged. 
Heart:-- Normal. 
Lungs:-- Small congested areas. 
Spleen:-- Enlarged. 
Kidneys:-- Petecniated. 
Intestines:-- Normal. 
Remarks:-- This pig was injected with 2 c.c. of virus and 
was killed at tne end of 10 days, naving been sick tnree 
days. 
Note--- M:uoous membrane of bladder congested. 
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RECORD OF CHOLERA PIG USED 
IN 
EXPERIMENT. 
No. 4: 0 Temperature when killed 108.4 F. ----=;...;;..;::;~_..:,..:.__ 
Weight 76 lbs. 
POST MORTEM LESIONS: 
Skin:-- Few hemorrhagio spots. 
Lymph glands: 
Sub .Maxillary:-- Enlarged and sligntly congested. 
Cervical:-- ~nlarged and sligntly congested. 
Bronchial:-- Enlarged and slightly congested. 
Portal glands:-- Congested slightly. 
Mesenterio:-~ Enlarged. 
Inguinal glands:-- Enlarged. 
Heart:-- Normal. 
Lungs:-- Sligntly pneumonia. 
Spleen:-- Enlarged. 
Kidneys:-- Petechiated. 
Intestines:-- Normal. 
Remarks:-- This pig was injected with 2 o. o. of vi rue and 
was killed at tne end of 10 days, having been siok three 
days. 
No. 5 
-----
Skin:-- Normal. 
Lymph glands:--
RECORD OF CHOLERA PIG USED 
IN 
EXPERIMENT. 
Temperature when killed(Died from oholeraJ 
Weight_.....;;.3~0--=l~b~S~·-
POST MORTEM LESIONS: 
Sub Maxillary:-- Highly oongested and hemorrnagio. 
Cervioal:-- Highly oongested and nemorrnagio. 
Brononial:-- Highly oongested and hemorrhagic. 
Portal glands:-- Enlarged and oongested. Hemorr.nagio. 
Mesenterio:-- Enlarged and hemorrnagio. 
Inguinal glands:-- Greatly enlarged and hemorrhagic. 
Heart:-- Normal. 
Lungs:-- Numerous peteoniae and with areas of ecohymoees. 
Spleen:-- Greatly enlarged. 
Kidneys:-- Highly petecniated. 
Intestines:-- Normal. 
Remarks:-- Thie pig had been dead a few hours when post 
mortem was made and spleen and kidneys taken for extraction. 
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RECORD OF CHOLERA PIG USED 
IN 
EXPERIMENT. 
No. 6 
-----
Temperature when killed 104 °]'. 
Weight __ 3~0~l~b~s~.;.__~ 
POST MORTEil LESIONS: 
Skin:-- Normal. 
Lympn glands:--
Sub Maxillary:-- Enlarged, highly congested., hemorrhagic. 
Cervical:-- Enlarged, congested and hemorrhagic. 
Bronchial:-- Enlarged., congested and hemorrhagic. 
Portal glands:-- Enlarged, congested and hemorrhagic. 
Mesenteric:-- Enlarged, congested, hemorrhagic. 
Inguinal glands:-- Enlarged, congested, hemorrhagic. 
Heart:-- Normal. 
Lungs:-- Petecniated. 
Spleen:-- Greatly enlarged. 
Kidneys:-- Numerous petecniae. 
Intestines:-- Normal. 
Remarks:-- This pig was naturally infected and was killed 
by etherizing wnen snowing most aoute symptoms of onolera. 
No. 
Skin:-- Normal. 
Lymph glana_s: 
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RECORD OF CHOLERA PIG USED 
IN 
E.XPER I1v1ENT • 
0 Temperature when killed 101 F . 
--------
Weight 30 lbs. 
~-----;;.....;...;;.,...;_. __ 
POST MORTEM LESIONS: 
Sub Maxillary:-- Enlarged, highly congested, .nemorr.hagic. 
Cervical:-- Enlarged, nignly congested, nemorrnagic. 
Bronchial:-- Enlarged, highly congested, hemorrnagic. 
Portal glands:-- Enlarged, nighly congested, nemorr.nagic. 
Mesenteric:-- Enlarged, highly conges~ed, hemorrnagic. 
Inguinal glands:-- Enlarged, highly congested, hemorrhagic. 
Heart:-- Normal. 
Lungs:-- Pctechiated. 
Spleen:-- Greatly enla rged . 
Kidneys:-- Numerous petechiae. 
Int estines:-- Normal. 
Remarks:-- This pig was naturally infected and was killed 
oy etnerizing wnen s.t10wing most acu·ce symptoms of c.nolera. 
No. 8 
---------
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HECOHD OF CHO~ERA PIG USED 
IN 
EXPERIMENT. 
Temperature when killed (Pig died) 
Weig.n.t 10 lbs. 
POST MORTE1v1: L.ISSIONS: 
Skin:-- Severely hemorrhagic. 
Lymph glands: 
Sub Aiaxillary:-- Highly congested and hemorrhagic. 
cervical:-- Highly congested and hemorrhagic. 
Broncnial:--Highly congested and hemorrnagio. 
Portal glands:-- Highly congested and hemorrhagic. 
Mesenteric:-- Highly congested and hemorrhagic. 
lnguinal glands:-- Hignly congested and hemorrhagic. 
l::l.eart: --.Normal. 
Lungs:-- Highly petechiated. 
Spleen:-- Enlarged. 
Kidneys:-- Highly congested and petec.n.iated. 
Intestines:-- .Normal. 
Remarks: -- 'l'ne liver of this pig seemed to be greatly 
enlarged. !t was used to make an extract -- See under 
"Metnod of Preparation of Antigen ~tract." 
GENERAL OBSERVATIONS. 
1. A oomplement deviating antigen for anti-hog-oholera 
serum does not exist apparently in the spleens of all 
pigs suffering from hog oholera. 
2. The blood serum from pigs affeoted with aoute oholera t/ 
did not give a deviating antigen. 
3. The two antigens used differed considerably in l -
strength • . 
4. More than fifty peroent of all hyperimmunee tested 
reacted positively to antigen No. 3 - spleen extraot 
from pig No. 5. 
5. Hog serum was hignly hemolytio for t:ne red oells of 
Horse No .• 1, of goat No. 1, and cows Nos. 1 and 2, but 
not for cow No. 3. 
6. There is no difference in the hemolytio power of 
serum from normal, hyperimmunes, and oholera·'infeoted 
.hogs. ~A 
7. All oholera~igs' serum tested reaoted negatively. 
i · ·· 
8. Whether the immune body in t.he more than 5~ of hogs 
tested witn antigen No. 3 is the speoifio protective body 
tnat prevents hog cholera is a matter for more extended 
research. 
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